Objective: To describe an indirect funduscopy imaging technique for dogs and cats using low cost and widely available equipment: a smartphone, a three-dimensional (3D) printed indirect lens adapter, and a 40 diopters (D) indirect ophthalmoscopy lens. Methods: Fundus videography was performed in dogs and cats using a 40D indirect ophthalmoscopy lens and a smartphone fitted with a 3D printed indirect lens adapter. All animals were pharmacologically dilated with topical tropicamide 1% solution. Eyelid opening and video recording were performed using standard binocular indirect ophthalmoscopy technique. All videos were uploaded to a computer, and still images were selected and acquired for archiving purposes. Fundic images were manipulated to represent the true anatomy of the fundus. Results: It was possible to promptly obtain good quality images from normal and diseased retinas using the nonpatented 3D printed, lens adapter for a smartphone. Conclusions: Fundic imaging using a smartphone can be performed with minimal investment. This simple imaging modality can be used by veterinary ophthalmologists and general practitioners to acquire, archive, and share images of the retina.
| INTRODUCTION
Collecting and recording of images is commonly performed in ophthalmology to document lesions, to monitor their progression, and to share information with other colleagues. While the anterior segment of the eye is historically imaged using a generic photographic camera, the posterior segment typically requires specialized equipment that is expensive and often challenging to maneuver. In addition, this equipment is bulky and hard to transport and therefore limited in use.
Recent advancements in technology have allowed the development of new cameras that are imbedded in a pocket-sized computer that also works as a cellular phone with a plethora of other functionalities. The usage of smartphones has been embraced by a growing percentage of the medical community, and the development of new features for this technology is growing exponentially in the medical and imaging fields. 1 In the beginning of 2013, the FDA approved the first smartphone-based retinal imaging adaptor system: the iExaminerâ System from Welch Allyn. This system allowed one to use a smartphone (iPhone 4) (Apple Inc., Cupertino, CA, USA) to take photographs of the retina. Since then, several other investigators have published descriptions of using other smartphones and indirect ophthalmoscopy lenses to image the retina. [2] [3] [4] [5] [6] [7] To this date, the usage of smartphone's funduscopy imaging techniques in animals is challenged by the fact that the smartphone We report the use of an open source, 3D printed, smartphone indirect lens adapter that allows the smartphone photographer to open the lids and image the fundus at the same time using a similar technique to that used in binocular indirect ophthalmoscopy.
| MATERIAL AND METHODS
During a period of 6 months, client-owned dogs and research cats were dilated with 1 drop of 1% tropicamide solution and examined in a dark examination room after achieving full mydriasis. A complete ophthalmic examination was performed using a slit lamp biomicroscope, an indirect ophthalmoscopy headset, and an indirect ophthalmoscopy lens (28 or 40D) (Volk Optical Inc., Mentor, OH, USA). Smartphone fundus images were collected with an iPhone 7 (Apple Inc., Cupertino, CA, USA) and a 40D indirect ophthalmoscopy lens that was press fitted in the open source 3D printed smartphone indirect lens adapter (http://www.odocs-tech.com/community/). As this particular lens adapter was designed for a larger diameter lens, several strips of gauze were used to press fit a 40D indirect lens into the lens adapter ( Figure 1) . A blue polylactic acid polymer was used to print indirect lens adapter.
The coaxial light source of the phone was used to illuminate the fundus. Imaging collection was performed using the application Filmic Pro (Cinegenix LLC, version 6.1, Seattle, WA, USA) to independently control the focus, exposure, and light source intensity during video recording. The smartphone light was set at the lowest light intensity possible on this application. The image on the screen was zoomed until the lens edges were close to the tip of the screen, and the focus was set in the center of the lens. High definition videos of the fundus were recorded for subsequent high-quality, still-image extraction. After the video recording was completed, the smartphone was connected to an Apple computer (MacBook Pro [Retina, 15-inch 2014] -Apple Inc.) and the Filmic pro videos were exported from the smartphone to a newly created video folder (iTunes [iTunes 12.7.1.14 -Apple Inc.]?iPhone?apps?Filmic pro?Filmic pro documents?choose movies?save to new videos folder). Still-image extraction was then performed using the iMovie app (iMovie version 10.1.8 -Apple Inc.) (download videos from new video folder?watch in full screen? use cursor to go through images?upload selected still images to a new images' folder). This study was performed in accordance with the ARVO guidelines for the use of animals in ophthalmic and vision research, as well as the IACUC of the Cornell University. Informed verbal consent was collected from clients for all clinical animals prior to imaging the fundus.
| RESULTS
All images collected in this study were manipulated so that they would represent the true anatomy of the fundus. In addition, they were cropped and a black background was used to complete the images. As previously described, 2 pinpoint bright illumination spots were present in the collected images due to the light reflection in the anterior and posterior surfaces of the indirect lens (Figures 2-10) . 3 All animals were photographed using the same light settings; however, the relatively higher reflectivity in cats' fundi leads to somewhat 
| DISCUSSION
Good quality indirect fundic photography can be performed with a smartphone and a 3D printed, indirect ophthalmoscopy lens adapter without requiring a large investment in equipment. The lens adapter used in this study was designed for a larger diameter lens; however, this was resolved using a few gauze to allow press fitting of the 40D lens. This lens was chosen as it provided a practical field of view as previously reported. 3 In addition to the wide field of view, the 40D lens adapter could rest in the hand of the examiner that was opening the eyelids due to the relatively short distance between the eye and the indirect lens, which made this device very easy to use for fundic videography.
Even though all images had some illumination artifacts due to the physics of light traveling through an indirect lens, these affected less than 1% of the collected images.
In some cases, there was a reflection of the polymer color into the collected image. This was mostly attributed to a mild misplacement of the 3D printed lens adapter over the smartphone flash and was easily resolved by adjusting the position of the 3D printed lens adapter.
The indirect lens adapter used in this article can be used with most smartphones that are currently available as the dimensions of the phone do not interfere with clamping system of this lens adapter.
Even though some adjustments were required to allow the usage of a 40D lens with this adapter, it is possible to 3D print an adapter that fits a 40D lens or lenses of other sizes. In addition, it is possible to design an adapter that allows interchanging the lens and the distance from the eye to the smartphone so that different sized eyes or magnifications can be imaged by this technique. Three-dimensional printing with a polymer as described here is relatively inexpensive. Nevertheless, it is expected that over time this type of material will fatigue and eventually fail. To improve the life expectancy for this lens adapter, manufacturing it in a more robust material such as aluminum, titanium, or stainless steel could be considered.
Using this lens adapter and a smartphone to take fundus photographs is very intuitive, and within a few animals, the photographer will be able to master the required technique. The biggest challenge in this study was that it was timeconsuming to download the indirect ophthalmoscopy movies to a desktop and then review the movies frame by frame to choose images that were to be saved. Software development to decrease the number of steps required from data collection to image selection would improve this image collection technique.
In conclusion, this fundic photography technique is very portable, can be performed with minimal investment, and its quality is likely to improve with the development and innovation of smartphone software and hardware.
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